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M. F. L. Farah, M. One, J. C. Novello, M. H. Toyama, J. Perales. H. 
Moussatche, G. B. Domont, B. Oiiveira and S. Marangoni. Isolation of 
protein factors from opossum (Didelphis alhiventris) serum which protect 
against Bothrops jararaca venom. To.xkon 34, 1067-1071, 1996— The 
fractionation of Didelphis albhentris serum by DEAE-Sephadex A50 yields a 
fraction (DA2) which protects the opossum against Bothrops venom. One 
polypeptide (DA2-II) responsible for this protection was isolated from fraction 
DA2 by ion exchange chromatography and biochemically characterized. 
DA2-H is a 43,000 mol. wt glycoprotein with the following N-terminal 
sequence: LKAMDTTPPLKIKKEPVK. Pairwise comparison of the amino 
acid sequence with four anti-hemorrhagic factors isolated from other opossum 
species indicated that DA2-II possesses high similarity (60-80%) with these 
proteins. Copyright <Q 1996 Elsevier Science Ltd 



Resistance to the effects of snake venoms has been studied extensively in the North 
American opossum Didelphis virginiana (Werner and Vick, 1977; Huang and Perez, 1980). 
A proteinase inhibitor (oprin) isolated from D. virginiana serum has been shown to protect 
this marsupial against the deleterious actions of metalloproteinases and hemorrhagic 
toxins found in C. airox venom (Catanese and Kress, 1992). The present report describes 
the isolation and partial characterization of a protein factor from opossum (D. alhiventris) 
serum which protects against the hemorrhagic and lethal effects of Bothrops jararaca 
venom. 

D. albhentris specimens were caught in region of Campinas (south-eastern Sao Paulo 
state) and were bled by cardiac puncture. The blood was allowed to clot at room 
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temperature after which the serum was separated by centrifugation at 900 g in a Sorval 
RC-2B centrifuge (20 min 4°C) and stored at -70 C. The experiments were performed 
with a pool of sera from these animals. Bothrops jararaca venom was obtained from the 
Instituto Butantan (Sao Paulo, Brazil) 

D. albiventris serum was fractionated by ion exchange chromatography on 
DEAE-Sephadex A-50 column equilibrated with 0.01 M sodium acetate pH 3.7. Two 
fractions, DAI and DA2 (the latter being the active peak), were obtained using a step-wise 
gradient. DA2 was further purified by HPLC ion exchange chromatography on a Waters 
SP 5PW column (0.39 x 30 cm) with a linear gradient of 0-0.1 M sodium chloride in 100 
mM sodium acetate buffer pH 4.1, at a flow rate of 1.0 mliter/min for 60 min. The elution 
profile was monitored by the absorbance at 280 nm and the protein concentration was 
determined by the method of Lowry et aL (1951) using bovine serum albumin as the 
standard. 

D. albiventris serum and its fractions were loaded onto 10% polyacrylamide slab gel in 
the presence of sodium dodecyl sulfate (SDS) (Laemmli, 1970). The periodic acid-Schiff 
procedure was used to d et ect the presence of glycoproteinsjis follow s. The^gel was fixed 
in 7.5% acetic acid followed by oxidation with 0.2% sodium metaperiodate for 45 min 
at 4"C, ancl then stained with SchiflTs reagent for I hr at 4 C. Destaining was carried out 
at room temperature using several changes of 10% acetic acid. 

The anti-lethal activity of D. albiventris serum and its fractions was determined by 
injecting five groups cf male Swiss white mice (20 g, six mice/group) i.p. with 2 li> so (6 ± 0.2 
/<g/g) (Weil, 1952) of B. jararaca venom dissolved in 0.9% (w/w) saline solution. Each 
sample tested contained 5-200 /ig protein/g. The serum fraction and venom mixture was 
incubated at 37 C for 30 min. Venom and saline were injected as positive and negative 
controls, respectively. The number of surviving mice was scored 24 hr later and the ld 5I) 
and 95% confidence intervals were calculated according to the method of Finney (1952). 
The anti-hemorrhagic activity of whole serum and of the purified fractions was determined 
by intradermal injection (Ownby et aL 1984). Initially, 0.5- 5 //g of venom in 0.1 ml of 
saline was injected intradermal^ into the back of male Swiss white mice. One hour later 
the skin was removed and the size of the hemorrhagic spot was measured [I cm of diameter 
was defined as minimal hemorrhagic dose; Kondo et aL (I960)]. Subsequently, the 
anti-hemorrhagic activity was assessed by incubating D. albiventris serum or its fractions 
with 2 mg (minimum dose) of crude venom for 1 hr at 37 C and then testing as described 
above. 

The N-terminal sequence of DA2-II was determined by automated Edman degradation 
using an Applied Biosystems model 477 sequencer. Phenylthiohydantoin amino acids were 
identified with a model 120-A PTH-amino acid analyzer (Applied Biosystems), based on 
the retention times of PTH-amino acid standards. 

The Brazilian opossum D. albiventris is naturally resistant to the lethal effects of up to 
100 ld<„ (mice) of Bothrops jararaca venom administered i.p. and is able to recover from 
envenomation symptoms such as hemorrhage, tissue necrosis, and coagulation defects. 
Thus, this species may be included with other mammals known to be resistant to snake 
venoms. , 

A protective fraction consisting of proteins with a molecular mass of 43,000-67,000 mol. 
wt able to inhibit thrombin-induced human washed platelet aggregation was obtained by 
gel filtration of D. albiventris serum (Condino-Neto et aL, 1992). More recently, Perales 
et aL (1994) reported the isolation of an anti-bothropic venom complex from the serum 
of South American Didelphidea. 
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Purification of the protective fractions from D. albiventris serum was carried out on a 
DEAE-Sephadex A-50 column. Fraction DAI eluted with the equilibrating buffer while 
fraction DA2 eluted with the same buffer in the presence of 0.15 M NaCI. Polyacrylamide 
gel electrophoresis of fraction DA2 shows the presence of only two protein bands estimated 
molecular mass of 40,000-50,000 mol. wt in native and denaturing conditions and is 
thus similar to the anti-bothropic venom complex isolated from £>. marsupialis serum 
(Perales et «/., 1994). Fraction DA2 fraction stained with PAS indicating that these 
anti-hemorrhagins must be glycoproteins. Reduction with DTT showed that they are not 
composed of subunits linked by disulfide bridges. Weissenberg et al. (1991) obtained 
anti-hemorrhagins from Croiatus atrox serum which consisted of homologous 
glycoproteins that differed in their carbohydrate content. 

.0. albiventris serum protects against the lethal effects of 1 ld 5i , of B. jararaca venom. 
Only fraction DA2 (dose, iO /<g/g) obtained after DEAE Sephadex A-50 chromatography 
wasjible to neutralize the lethality. This efficacy is similar to that or other anti-hemorrhagic 
factors (Ovadia, 1978; Garcia and Perez, 1984; Tanizaki et al. 1991; Catanese and Kress 
1992). 

~SDS-PAGE^IectropKofesis of the subfractions obtainedTfter the chromatography of 
fraction DA2 on HPLC SP 5PW ion exchange column, revealed single bands with 
mobilities compatible with molecular masses of 48,000 and 43,000 mol. wt, which were 
termed DA2-I and DA2-II, respectively (Fig. 1). DA2-I had no protective activity in mice 
(venom dose, 10 /<g/g) whereas DA2-II fully protected against the hemorrhagic activity 
of this same dose of B. jararaca venom. Our work thus corroborates a previous study by 
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Fig. I. Ion exchange chromatography and SDS-PAGE analysis of the anti-hemorrhagic factor 
isolated from D. aihkemris serum. (A) Ion exchange chromatography of fraction DA 2 on a Waters 
SP 5PW column (0.75 x 7 cm) yielded two protein fractions (DA2-L DA2-I I). Elulion was initiated 
with 100 mM sodium acetate buffer, pH 4.1, followed by a linear gradient (0 -1.0 M) of sodium 
chloride. Fractions (0.5 mliter) were collected at a flow rate of 1.0 mliier/min. (B) SDS PAGE 
(10%) of DA2-II (lane a), DA2-I (lane b), and molecular mass standards (lane c). 
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Fig. 2, Comparison of the N-terminal amino acid sequence of fraction DA2-II from D. aihirentris 
serum with other mammalian anti-hemorrhagic proteins. Alignment and numbering refer only to 
DA2-I1. Invariable residues in all anti-hemcrrhagic proteins are shaded, x represents an unknown 
residue, Amino acid sequence for the proteins of D. marsupialis, L. crussicaudata. and P. opossum 
were determined by Perales et at. (1994). The amino acid sequence for oprin (from D. tirginiana) 
was determined by Catanese and Kress (1992). 



Perales et al. (1994) which showed that the 48,000 mol. wt fraction does not protect against 
B. jaruracussu venom. 

The sequence of the first 18 aminoacids of DA2-II as determined by automated Edman 
degradation was LKAMDTTPPLKIKKEPVK, a result that agreesjwi th the SJ3S-PAGEL 
analysis ^showing a single^pdlyj^ptide^cHain^ When ^compared to four other 
anti-hemorrhagic factors from different opossum species (D. marsupialLw L. crassicauclafa, 
P. opossum, and D. virginiana), DA2-II showed a similarity of 70, 68, 56, and 86%, 
respectively (Fig. 2). 

The partial amino-terminal sequence of oprin (from D. tirginiana) shows 46% identity 
with human a-1 ^-glycoprotein and contains four of the five domains found in the latter 
(Catanese and Kress, 1992). The 78% identity of DA2-II with oprin support the 
interpretation that may have similar structure of domains. 

The above results show that the anti-hemorrhagic factors from different species of 
Didelphidae (North and South American) are related. The invariable native of the first 
five aminoacids suggesting that this region may represent a conserved three-dimensional 
structure responsible for the biological activity located in the core region of the molecule 
(Perales et al., 1994). r~ ... > ^ — — * — 
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